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Case Report
A 48-year old man came to our outpatient clinic with complaints of severe pain and instability in his left knee. He had sustained a left knee sprain at the age of 22 years. Although he continued to feel knee instability after recovery, this was left unsolved, and the knee pain had increased gradually with age. There were no appreciable past medical and family histories.
On physical examination, the left knee exhibited effusion and severe varus deformity with muscle atrophy of the left thigh and lower leg. The knee had a positive posterior drawer sign, tibiaposterior sagging sign, and dial test with a range of motion of 5° to 130°. The Lysholm score was 40, the International Knee Documentation Committee (IKDC) score was 37.9, and the Knee Society Score (KSS) was 50.
A plain anteroposterior (AP)radiograph showed some spur formation and joint space narrowing of the medial femorotibial joint of the left knee( Figure 1A) .The tibialslope was7.4°in a plain lateral radiograph ( Figure 1B) . The femorotibial angle (FTA) was 186°, and the weight-bearing line (WBL) percentage (1) was 0%as measured in standing long-cassette radiographs of the lower extremities (Figure1C). Magnetic resonance imaging (MRI) showed extended arthritic changes in the medial compartment ( Figure 2A ) and apparent disappearance of the PCL ( Figure 2B , 2C).
We diagnosed this as knee osteoarthritis secondary to PCL and PLC deficiency. We performed a PCL reconstruction combined with an HTO 26 years after the initial knee injury. Intra operative arthroscopic findings showed a wide spectrum
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The treatment of progressive osteoarthritis (OA) secondary to cruciate ligament insufficiency in middle-aged patients is of concern. We present a case report ofan active 48-year-oldman with progressive knee OA secondary to posterior cruciate ligament (PCL) and posterolateral corner (PLC) deficiency. Physical examination revealed a positive posterior drawer sign, tibia posterior sagging sign, and dial test with severe varus deformityof the left knee. Plain radiographs of the left knee showed medial joint space narrowing, 186 o femorotibial angle (FTA), and 0% weight-bearing line (WBL) percentage. Magnetic resonance imaging showed extended arthritic changes in the medial compartment and apparent disappearance of the PCL. We performed PCL reconstruction using the hamstring tendons combined with an opening-wedge high tibial osteotomy (OWHTO) and followed the patient for 7 years. Knee function improved satisfactorily and there was a negative posterior drawer sign. The clinical scores improved after the operation. The clinical scores before, 2 years after, and 7 years after the operation were as follows: Lysholm score: 40, 91, and 90; International Knee Documentation Committee score: 37.9, 73.0, and 72.4; and Knee Society Score: 50.0, 91.2, and 85.0.The acquired stability and function of the knee had been maintained for 7 years after the operation. Follow-up plain radiographs at 7 years showed recovery of the arthritis changes in the medial joint space, no progression of arthritis in the lateral joint space, and maintenance of the corrected angle (65% WBL percentage, 169 o FTA).We conclude that PCL reconstruction combined with OWHTO is a feasible option in such patients.
Introduction
The surgical techniques, rehabilitation, and clinical results of ligament reconstruction have improved in recent years. As a result, the indications for posterior cruciate ligament (PCL) reconstruction, which was managed conservatively before such improvements, have increased. This increase in indications may be applicable to middle-aged and older patients with osteoarthritis(OA) arising from a previous cruciate ligament of International Cartilage Repair Society (ICRS) grade 4 cartilage damage and disappearance of the PCL ( Figure 3A) . Although there was no cartilage damage or meniscus injury in the lateral joint space, a positive gap sign (enlargement of the lateral joint space) was observed in the crossed-leg position ( Figure 3B ).
After arthroscopic synovectomy and spur resection, we performed the OWHTO. The surgery was performed according to the method reported in Takeuchi et al (1) . The correction angle was set at 16°to give aWBL percentage of 65%. β-Tricalcium phosphate (porosity 60%; Olympus Biomaterial, Tokyo, Japan) was used to fill the opening space of the osteotomy, and a Tomo FixMedial High Tibial Plate (Johnson and Johnson DePuy Synthes Trauma, New Brunswick, NJ, USA) was used as the fixation device. An anatomical bisocket PCL reconstruction using a semitendinosus and gracilis tendon auto graft was performed. The proximal end of the graft was secured with an Endo Button CL fixation device, and the distal end of the graft was fixed on the tibia using a Double-Spike Plate system (Smith & Nephew, Andover, MA, USA) ( Figure 4 ). The knee was immobilized with a plaster cast.
Postoperative rehabilitation was begun 2 weeks later and comprised passive range-of-motion exercises using continuous passive motion and muscle strengthening. Standing exercises were also initiated as soon as possible. The patient began partial weight-bearing exercises 4weeks after the operation and full weight-bearing walking 6 weeks after the operation.
Second-look arthroscopy was performed at the time of removal of the implants at 1 year after the operation. This showed excellent tension and structure of the reconstructed PCL ( Figure 5A ), and cartilage resurfacing of the medial femorotibial joint surface ( Figure 5B ). 
Discussion
Until recently, PCL injury has tended to be treated conservatively because of the difficulties in surgical techniques, the risk of graft looseness caused by a "killer turn" (2), and acceptable results of conservative treatment. Patel et al. reported that most patients with an acute, isolated PCL injury do well with non operative treatment at an intermediate-term followup (3).However, older patients experiencing symptoms caused by instability or multi ligament injury(especially associated with PLC deficiency)should be considered as operative indications.
PLC affects the lateral collateral ligament, popliteus tendon, popliteofibular ligament, arcuate ligament, and fabellofibular ligament.PLC is usually damaged in combination with rupture of one of the cruciate ligaments by direct or indirect trauma to the knee. Injury to the posterolateral corner is often missed but can contribute greatly to knee instability and is a potential factor in the failure of cruciate ligament reconstruction (4) .Some of the reasons that these structures can be difficult to image even when using coronaloblique images of MRI (5, 6) .
In a cadaveric study of posterolateral rotatory instability of the knee joint, Kaneda et al. reported that sectioning of the PCL alone did not increase the amount of external tibial rotation, but cutting the PCL after sectioning of the PLC increased external tibial rotation(7).
Although the non operative treatment of PLC injuries tends to yield poor results, the results of reconstruction surgery for old PLC injuries are not satisfactory. In patients with chronicPLC injury, failure to correct a genu varus alignment will often result in failure of the PLC repair or reconstruction. OWHTO is now used for treatment of genu varus alignment because of its advantages in maintaining the bone stock, its ability to correct deformities close to their origin, and the lack of a need for a fibula osteotomy. Additionally, development of internal fixation device sallow's for the prevention of possible loss of correction and more rigid fixation for early weight bearing (1).
Several authors have reported increased tibialslope and negative effects of OWHTO (8) (9) (10) . By contrast, Arthur et al. reported that OWHTO can be an effective first method of treatment for patients with chronic combined posterolateral knee injuries and genu varus alignment (11). Savarese et al. reported that chronic ligament deficiency and malalignment are good indications for HTO because it can change the coronal as well as the sagittal plane of the knee. Increased tibial slope causes anterior tibia translation and helps the PCL-deficient knee (12) .
There are conflicting opinions about using simultaneous or staged surgery for such cases. Even in the report that recommends OWHTO as the initial treatment by Arthur et al. (11) , most of patients with a high-velocity or multiligament injury required second-stage ligament reconstruction. Additionally, although simultaneous HTO and ligament reconstruction surgery istechnically demanding, we have sufficient technical experience in performing anterior cruciate ligament reconstruction combined with HTO proactively. For these reasons and considering that this case involved medial side OA with genu varus secondary to old PCL and PLC injuries in an active middle-aged patient and OWHTO is also an option for treating PLC insufficiency, we performed PCL reconstruction combined with HTO without PLC reconstruction. The clinical results and radiographic examination showed improvements over the short term and that these had been maintained at the 7-year follow-up. Therefore, we conclude that PCL reconstruction combined with OWHTO is one option for patients with medial side OA secondary to insufficiency of the PCL and PLC. Plain AP radiograph at the 7-year follow-up showed recovery of the arthritis changes in the medial joint space, no progression of arthritis in the lateral joint space. B: The tibial slope was 12.7° in a plain lateral radiograph. C: The FTA was 169° and the WBL percentage was 65% as measured in standing long-cassette radiographs of the lower extremities. Correction angle has maintained for 7 years.
